Diarrhoeal disease is still one of the major causes of mortality and morbidity of children in developing countries. Our objective was to assess the prevalence of diarrhoeal disease among male schoolchildren in Jeddah and to identify the associated risk factors, especially those related to drinking water and sanitation disposal. This cross-sectional study was conducted randomly where self-administered questionnaires were issued to parents through the schools. The data were collected from 1,064 respondents indicating that 14.9% of the children had diarrhoea during the previous month. The main risk factors were: the number of children under five years living in the same house (OR per child 1.34, 95% confidence intervals 1.15-1.56), being of Saudi nationality (OR 1.75, 1.08-2.84), reporting sewage spillage near the home (OR 1.69, 1.14-2.53), eating out after school hours (OR 1.74, 1.16-2.60), not drying hands after washing them (OR 1.66, 1.10-2.51), using reusable cloths or sponges to dry dishes (OR 1.70, 1.14-2.52).
INTRODUCTION
Diarrhoea is still an important public health issue in developing countries and continues to be a leading cause of morbidity and mortality among children (Gurrant et al. 1990; Bern et al. 1992; Black & Lantana 1995; Rautanen et al. 1998; Kosek et al. 2003) .
Diarrhoeal diseases claim the lives of nearly 2 million children every year and have killed more children in the last decade of the last century than all people lost to armed conflict since the Second World War (UNICEF 2000) . Furthermore, over 99% of deaths of children less than 14 years of age occur in developing countries (WHO 1999) . Although there has been a decline in mortality, morbidity has remained high over the last four decades (Kosek et al. 2003) .
Globally, the main factors responsible for diarrhoeal disease are inadequate drinking water, sanitation and hygiene practices (Ashbolt 2004; Fewtrell et al. 2005; Marino 2007; Pruss-Ustun et al. 2008) . In particular, diarrhoeal disease due to inadequate water and sanitation is one of the two most important factors in childhood mortality in low-income countries (Pruss-Ustun et al. 2008) .
Food hygiene is also assumed to play a major role in the epidemiology of diarrhoeal diseases, especially in developed countries (WHO 1984; Motarjemi et al. 1993) . It has been estimated that, in the United States, foodborne microbiological hazards may be responsible for as many as 76 million cases of illness, 324,000 hospitalizations and 5,200 deaths in the United States each year (Mead et al. 2000) .
Unhygienic food preparation occurs both in developing countries and in industrialized countries. It has been suggested that a substantial proportion of foodborne illness is attributable to improper in-home food handling preparation, and consumption practices by consumers, including inadequate cooking and storage of foods, doi: 10.2166/wh.2009.058 cross-contamination of raw and cooked foods, inadequate personal hygiene such as hand washing, and consumption of raw, uncooked or unsafe foods (Doyle et al. 2000; Medeiros et al. 2001; Redmond & Griffith 2003) . However, a recent systematic review of the impact of kitchen hygiene on diarrhoeal disease in developed country settings was unable to find strong epidemiological evidence of a link (Stenberg et al. 2008) . Nevertheless, a review of hygiene interventions did find that hygiene interventions in lowincome countries were generally effective at reducing diarrhoeal disease (Aiello & Larson 2002) . et al. 2002) . Therefore, many factors considered in this study have not already been adequately examined in the country for this age group.
The aim of this study was to assess the prevalence of diarrhoeal disease among schoolchildren in Jeddah boys' primary public schools aged 7 -12 years and to identify the associated socio-demographic and environmental factors.
MATERIALS AND METHODS

Study area
Jeddah city, located on the west coast of Saudi Arabia, is the largest city in the Western Province and the second major city after the capital (it is located in the most densely populated province in the country, Makkah Al-Mukarramah). Jeddah is a very good example of a typical Saudi urban area with a complex population structure, incorporating different origins. In 2001, the population reached 2.9 million, representing 14% of the total population of Saudi Arabia, and is increasing at a rate of 4% per year (Municipality of Jeddah 2006).
Drinking water and sewage system
Due to the shortage of water sources in the country, the population is entirely dependent on desalination plants for drinking water for such large cities. Desalinated water is then chemically treated prior to being pumped into the distribution network. Properties are provided with drinking water once or twice per week only. Each property has a private underground tank where the water is settled for couple of days. The water is then pumped to the roof tank, and from there to water facilities in the property as needed.
Cesspool systems are still used in many areas for domestic and commercial wastewater disposal and in such areas most underground water supply tanks are built next to or very close to the cesspools. The long term use of cesspool systems has caused the ground water table to rise rapidly in many areas of the city (Mohorjy 1997) . Currently, the level of ground water in Jeddah is rising. Between 1998 and 2002, this rise has been estimated to be 0.41 m. Consequently, the area of the city considered to be at risk from the elevation has increased from 56% in 1998 to 61% in 2002, an area of 915 km 2 . This represents a yearly increase of about 1.25%
and 18.75 km 2 of the city area (Basamad 2003) . Therefore, the risk of water contamination in some parts of the city is high (Mohorjy 2001) .
Study design
The study was conducted in boys' public schools serving children aged 7 -12 years. Jeddah City is divided into four In each school, 70 questionnaires were distributed to the parents through their children. Children were randomly chosen in the school irrespective of age, nationality or academic achievement. At each age level, if there were more than one class, only one was chosen at random as described above. Children in that class were chosen from the odd numbers of the attendance register and received an envelope containing a copy of the questionnaire to submit to their parents for completion. In total, 1,680 questionnaires were distributed to the parents. Where there was more than one child selected from the same household the questionnaire was directed at the youngest. Instructions on how to complete the questionnaire were included for the parents, together with an introductory letter explaining the purpose of the study.
Data analysis
The data entry was performed by using EpiInfo software (Version 3.3.2, Centre for Disease Control and Prevention, Atlanta, Georgia). Analysis and tabulation were conducted by using SPSS software Version12 (SPSS Inc., Chicago, Illinois).
The data were summarized by using descriptive statistics, including frequencies and percentages for all variables. Means and standard deviation were calculated for continuous variables only.
The chi-squared test was used to test the association between socio-demographic, environmental factors and diarrhoea episodes at 95% level of significance. Variables that were positively or negatively associated with illness ( p , 0.2) were included in a logistic regression model. Diarrhoea episodes were considered as the dependent variable whereas the others were independent variables. The least significant variable was then removed from the model and the model re-run. This was repeated until all variables in the model were significant at the p , 0.2 level.
This was then deemed to be the final model.
RESULTS
Completed questionnaires were received from a total of 1,190 parents (71% response rate). Of these 126 were rejected as they were inadequately completed or duplicates, in that 50% or more questions were unanswered or were unintelligible. Therefore, 1,064 questionnaires were included in the analyses. Tables 1 and 2 give the demographic data of the families responding to the questionnaire. 
DISCUSSION
The findings in this study are based on self-reported diarrhoea, and as such the study does not have the advantage of a microbiological diagnosis. On the other hand, alternative study designs may give a more accurate diagnosis but suffer from major under-ascertainment of illness. This is particularly marked when having to rely on physician reported surveillance (Wheeler et al. 1999) , but is also seen in the steep decline in reporting with time after recruitment in prospective studies (Colford et al. 2005) . It is also likely that having to collect stool samples in many cultures would act as a strong disincentive to report diarrhoeal disease. Consequently, we would argue that the study design that we have adopted gives a more accurate estimate of population prevalence of diarrhoeal disease than alternative study designs.
The reported 1-month incidence of diarrhoea in the present study is 14.2 cases per 100 children, which is similar to that found in another Saudi study (12.5) (Al-Abbad & Bella 1990 (Rego et al. 2005) . Bolivia has some of the highest reports of morbidity and mortality due to diarrhoeal disease among children less than five years old with an estimated 500,000 cases and 7,900 deaths, and a prevalence of 30% (Clasen et al. 2004) . A study conducted in East Africa reported that diarrhoea prevalence was found to be 18% in Kenya, 21%
in Uganda and 8% in Tanzania (Tumwine et al. 2002) . 
1997).
A study of sporadic cryptosporidiosis in England non-Saudi based on this survey. However, this finding may be biased by the policy of the MOH which asks certain groups of non-Saudis to visit private PHCCs and hospitals rather than government ones.
Regarding water and sanitation, the only significant factor is reports of sewage spillage near the home (OR 1.69).
The association between diarrhoea and wastewater contact or inadequate sanitation provision is one that has been made previously (Blumenthal et al. 2001; Fewtrell et al. 2005) . Sites where stagnant water accumulates would support microbial growth and could become reservoirs of infection (Tanner 2002) . Other study findings indicate that species that grow under these conditions are a greater risk to vulnerable groups, such as children, pregnant women, the elderly and those with immune suppressive illnesses, than to other family members (Wolf 1995; Bloomfield 2001) .
One of the surprising findings was that hand washing was not more strongly associated with reduced risk. In the univariable analyses, the association had only borderline significance (0.041, 0.055 and 0.037), and none of the three hand washing variables was included in the final model. This is in contrast to previous studies where hand washing with soap is shown to be an important intervention (Aiello & Larson 2002) . In part, this could be cultural and due to the high proportion of children who are reported to wash their hands in the study. Alternatively this could be because our study was in slightly older children and most other studies have been dominated by children under five years old, who do indeed experience most diarrhoea. Some studies suggested that the availability of water could have an impact on hand washing, simply because when water is closer, hand washing is more frequent and this encourages better hygiene in general (Cairncross 1997; Curtis et al. 2000; Jensen et al. 2004) . After reviewing many studies regarding water and hand washing, Esrey et al. (1991) concluded that water availability was probably more important than water quality, though this view has been contradicted by recent systematic reviews (Clasen et al. 2007) . This seems to be the situation in Jeddah where water is available through the public network most of the time. However, the intermittency of the public network water supply is one of the main causes for using bottled water among respondents. In addition, it is confirmed that public network tariffs are among the lowest in the world, and Saudis consume twice as much water as UK residents. Of particular interest, however, is the finding that not drying hands was associated with a significant increase in risk of illness. This would make sense, as children with wet hands are likely to wipe (Yagob & Al-Mazrou 2004) . Unfortunately, few studies have been published on food poisoning from such sources. In one local study, a popular local fast food outlet was found to be responsible for a large number of salmonellosis outbreaks from chicken shawarma (Al-Azeri et al. 2002) . This type of dish has great potential for food poisoning, because the meat is cooked very slowly by direct heat from a distance which does not raise its temperature to an extent that can kill the bacteria present in the chicken.
These popular sandwiches were repeatedly implicated (Jarallah et al. 1993) . In another study in Abha city, an outbreak of gastroenteritis occurred among customers of a restaurant that specialized in fried chicken. Of the 10 food items served, only mayonnaise and minced garlic were associated with cases, which indicated unsafe storage for these items. Salmonella was isolated from 84% of persons with symptoms of food poisoning (Al-Ahmadi et al. 1998) .
The association between illness and eating out was not found when the family as a whole ate out, suggesting that children eating by themselves may purchase their food from poorer quality sources such as cafeterias compared with their parents. They may also be less careful about personal hygiene when eating out by themselves than when their parents are there to remind them. Bentham & Langford (2001) stated that the increase in eating outside the home could be one of the factors that play a role in increasing food poisoning incidences.
Another important observation was the increased risk of illness in those families who dry their dishes with materials used more than once, such as tea towels, sponges and cloths. This would suggest that pathogens contaminate the cloths during their use and repeated use spreads these pathogens onto newly washed dishes. It is known that pathogens can survive on dishes during washing and can contaminate kitchen cloths used to dry them (Mattick et al. 2003) . Our findings may support the case for health education about the importance of using disposable materials to dry dishes or even just to leave dishes to dry naturally. This could be a highly cost-effective intervention to reduce diarrhoea.
As well as the important significant associations discussed above, there were some expected associations that were not confirmed in this study. The reported prevalence of diarrhoea in the present study (14.9 cases per 100 children per month) and the risk factors identified here differ from those reported in other local studies making it difficult to compare our findings with them. In part, this difference may be because we restricted our study to male school children aged between 7 and 12 years. Any study that recruits children of all ages will be strongly biased towards children under 5 where most illness occurs. It is highly likely in our view that risk factors in school children will differ from those in pre-school children 
CONCLUSIONS
This study has demonstrated a number of independent risk factors for childhood diarrhoea in male schoolchildren.
Despite the intermittent nature of the Jeddah water distribution network, we did not find that drinking water was linked to risk, though this may be because the alternative bottled water was equally likely to be a risk factor. However, problems with sanitation especially sewage spills near the house from septic tanks was an important risk factor. Improving the emptying of septic tanks to avoid spills and advising children to stay away from such spills could be a worthwhile public health intervention. Other interventions that could help reduce the prevalence of diarrhoeal illness include discouraging children from buying food after school from potentially risky sources, encouraging them to wash and dry their hands properly, and not using re-usable cloths to dry dishes in the home kitchen.
